drinking water supply comes from ground water. Recent studies have shown that agriculture is directly respon-
T he dynamics of plant nutrient uptake are quite comrivers, aquifers, and reservoirs and soil erosion. plex and depend on crop growth stages. There is a Torstensson et al. (1992) , Schrö der et al. (1993) , Kemptime lag between fertilizer application and the absorppainen (1995), Jackson and Smith (1997) , and Hansen tion of applied nutrient by plant roots. During this peet al. (2000) suggested the use of organic fertilizers verriod, the applied nutrients are vulnerable to environsus inorganic fertilizers to diminish the leaching losses of mental loss (Zhang and Solberg, 1996) . nutrients and thus the eutrophication of running and still Nutrient leaching from incorrectly fertilized soils is waters. However, the organic matter added to soil, while known to have adverse environmental effects such as greatly improving the physical properties of the soil, pollution and eventual eutrophication of running (river) needs a certain time to mineralize and supply the nutriand still (aquifers and reservoirs) waters, net phytoents needed by the crops. Moreover, a large quantity of plankton productivity, and increased bottom water hyproduct is needed to fulfill the nutritional requirements poxy (Justic et al., 1995; Rabalais et al., 1996) . Also, the of the crops. This is the reason why some authors suggest largest components of N leachates, NO 3 Ϫ and NO 2 Ϫ , can the addition of mineral fertilizers at the same time to impact human (NRC, 1978; Mansouri and Lurie, 1993) supply the nutrients that the plant requires in the early and ruminant (Lewis, 1951) health. Finally, nutrient leachstages of development (Baron et al., 1995 ; Gonzalez ing can represent a significant economic loss to the farmer. et al., 1992; Gonzalez, 2003a, 2003b) . For This environmental problem is made more acute by this reason, OMF is one of the proposed means for rethe fact that most ground water recharge takes place ducing the losses of nutrients for Spanish agriculture. under agricultural areas and that more than 70% of the The Spanish authorities define OMF as a farming practice aiming to establish stable production systems with M. Tejada, Departamento de Cristalografía, Mineralogía y Química a high concern for nature and the environment. Obvi- used to manufacture organic and OMFs was described elsewhere (Baron et al., 1995) . † OM, organic matter.
The organic fertilizer is a suspension of a humic extract in water. The source of the extract is peat based in humic acids.
the combined supply of mineral nutrients and organic
The general properties of this peat are shown in Table 2. matter.
The manufacturing process of the OMF is in a reactor at Presently, the application of OMF to the soil is made a high temperature mixing the same peat based in humic acids in two ways: (i) as an organomineral formulation and and mineral fertilizers such as urea, monoammonium phos-(ii) as an organic ϩ mineral fertilizer mixture. In this phate, and potassium chloride. This mineral component is not respect, Granlund et al. (2000) suggested the use of in a slow-release form.
organic ϩ mineral fertilizer mixture to decrease the leaching losses of nutrients. However, there are not many Experimental Layout papers about nutrients leaching from organomineral Benitez et al., 1995) , the OMF used was apture was 18.8, 18.7, 18.9, and 18.8ЊC for 1999, 2000, 2001, and 
MATERIALS AND METHODS
in the area for this crop. Table 4 shows the quality of irrigation water applied during the period of the investigation.
Soil and Fertilizers
The field experiment design was in a randomized complete block with five replications in a total of 10 plots. The main The experiment was conducted in an Alfisol with Inceptisol intergradations (Soil Survey Staff, 1990 ). The general properplots (8 by 5 m) were fertilized as follows: (i) treatment OMF (plots fertilized with 1500 kg ha Ϫ1 of the OMF) and (ii) treatties of this soil are shown in Table 1 . In the experiment, we used two types of fertilizer, namely: (i) an organic fertilizer, ment OϩIF [plots fertilized with 1500 kg ha Ϫ1 of the organic Drainage water was sampled throughout the experimental In September 1998, 10 lysimeters of methacrylate were inperiod when the drain lines were flowing. The drainage water stalled in situ without disturbing the soil profile. The lysimeters samples were frozen until analysis and subjected to the followwere inserted into the soil, which was excavated around the ing analysis: lysimeters until arriving at the base, and a metallic plate was introduced to close the base of the lysimeter. Later, the lysime-1. NH 4 ϩ -N by the colorimetric Kempers method (Kempers, 1974) ters with soil were taken out of the terrain, and in their place, 30 cm was excavated to put another full gravel cylinder (80 cm) 2. NO 2 Ϫ -N and NO 3 Ϫ -N by the colorimetric method of Griess and Illosvay as modified by Barnes and Tolkard with an exit to gather the samples. Stairs were made to be able to access the bed part of the full gravel cylinder for sampling (1951) and Bremner (1965) 3. Inorganic N, calculated as the combined amounts of and analysis. Finally, the full soil lysimeters were placed on the full gravel cylinder, taking off the metallic plate (Fig. 1) .
NH 4 ϩ -N, NO 2 Ϫ -N, and NO 3 Ϫ -N 4. P by the method of Williams and Stewart as described The drainage water was collected at the end of three phenological states of the wheat during 3 yr; each lysimeter was by Guitian and Carballas (1976) Fig. 1 . Design of the lysimeters. (MAPA, 1986) .
K by emission spectrometry

RESULTS AND DISCUSSION
will contribute more inorganic N to the soil. This increase the losses of inorganic N for percolation
Statistical Analysis
The manufacturing process of the OMF (in a reactor at a higher temperature) may favor the more resistant
The results obtained were subjected to a multiple analysis fraction, which is initially integrated in the organic frac- OϩIF is advisable. On the other hand, and coinciding with Gustafson macronutrient (with respect to treatment OMF) and, therefore, the losses by leachates increases. (1983), Bergströ m (1987), Ordoñ ez (1989), and Benitez et al. (1995) , the highest losses were observed in the One interesting finding of this research was that the soil pH (6.7) was slightly acid and close to that of maxiTime 1 (F ratio ϭ 121 and p value ϭ 0.008) percolations (40.9% of the total of the losses), with nitrate N as the mum P availability (namely, that where the highly soluble H 2 PO 4 Ϫ prevails, 6.5). For this reason, our losses most strongly leached fraction; this is also consistent with the results of Benitez et al. (1995) . In addition, the were higher than those reported by Benitez et al. (1995) for alkaline calcareous soils (pH ϭ 8.2), where the more highest losses in the different N fractions by effect of the Time 1 percolation were exhibited by the soil treated insoluble P species (HPO 4 2Ϫ and PO 4 3Ϫ ) were located. As with P, the highest K losses, also not significant, with the treatment OϩIF. This is due mainly to the losses of N fractions coming from the mineral fertilizer and the occurred in the treatment OϩIF and lowest in the treatment OMF, consistent with previous results of Baron N forms coming from the mineralization of the organic matter of the organic fertilizer.
et al. (1992) . There were 29.6% more losses of the treatment OϩIF with respect to treatment OMF. These great- Figure 3 shows the macronutrient leaching losses for the Time 1, Time 2, and Time 3 and the total leaching est losses of K for the treatment OϩIF are a consequence of the greater residual effect of this treatment losses for each of the fertilizer treatments. For P, the highest losses, but not with significant differences, corre- (Tejada et al., 2002) , which is that the mineralization of organic matter contributes greater contents of this sponded to the treatment OϩIF, followed by treatment OMF (coinciding with the results of Baron et al., 1992) . macronutrient (with respect to treatment OMF), and therefore, the losses by leachates increases. The highest In this respect, there were 55.3% more losses of the treatment OϩIF with respect to treatment OMF. The losses occurred within the first few percolations (Time 1), coinciding with Benitez et al. (1995) . increased leaching of P from the soils treated with organic fertilizers may be a result of the mobility of organiCalcium and Mg losses, only significantly different for Mg (F ratio ϭ 61.7 and p value ϭ 0.016), were cally bound phosphates (humophosphates) in the soil solution (Porta et al., 1994) . The mineralization of the highest in the treatment OϩIF and lowest in the treatment OMF. In this respect, for Ca, there were 24% more organic matter also contributes greater contents of this variable, values in the range from 5:1 to 60:1 are biolog- treatments studied in this work are given in Fig. 4 . Overall, the highest ratios (although without significant differences) were produced by the OMF, which suggests losses of the treatment OϩIF with respect to treatment a lower eutrophication risk in drainage waters from soils OMF. For Mg, there were 11.8% of highest losses of treated with this fertilizer. the treatment OϩIF with respect to treatment OMF. As with K, the highest Ca and Mg losses were observed
Micronutrient Forms
in the first few percolations (Time 1).
Quantifying P leaching losses is important because Figure 5 shows the losses of Fe and Mn for the fertilthis element, together with N, causes water eutrophicaizer treatments. Like the previous cases, the results are tion. In this respect, the N/P ratio is more relevant to obtained by averaging over the entire experimental pebiological production than are the individual amounts riod. The Cu and Zn contents in the leachates were of each element (Forsberg et al., 1978; Rhee, 1978; Piz- negligible (data not shown). zolon et al., 1999; Quiros et al., 2002) . Although the N/P Iron and Mn losses were significantly highest in the treatment OϩIF and lowest in the treatment OMF (F ratios that reportedly cause eutrophication are widely For Mn, there were 24.7% of highest losses of the treatment OϩIF with respect to treatment OMF. nificant increase of the levels of protein content is obLike for the analyzed nutrients, these greater losses served in the treatment OMF. The values observed were of Fe and Mn for the treatment OϩIF are a consequence higher than those reported by for of the minor residual effect of this treatment (Tejada the same variety fertilized with pig slurry compost. , which makes the mineralization of organic number of grains per spike was similar to that reported matter contribute greater contents of these micronutriby and Tejada and Gonzalez ents (with respect to treatment OMF), and therefore, (2003a, 2003b) for the same variety in the Guadalquivir the losses by leachates increases. This was the likely Valley. Moreover, the fertilizer treatments influenced the result of the chelating potential of humic substances in number of spikes per square meter, essentially in the the OMF. treatment OMF. The highest values of spikes per square meter take place in the plots OMF. With respect to
Wheat Yield Parameters
1000-grain weight, the highest values were observed in the Table 5 shows the results obtained in the chemical plots supplied with organic matter, especially in the treatanalysis of the grains from the different plots, referred ment OMF. Finally, wheat yield shows significant differto as dry matter. With regards to the analyzed macronuences regarding the fertilizer treatment, the lowest valtrients, the most significant differences were found in ues are in the treatment OϩIF and the highest in the N and K. For these macronutrients, the highest values treatment OMF. These highest values of macronutrients were observed with treatment OMF. The N and K levels and micronutrients in the mineral composition of grain were higher than the values reported by Gonzalez et al. and the highest values in the grain protein content, (1992) and Gonzalez (2003a, 2003b) for the growth, and wheat yield for the fertilizer treatment OMF same wheat variety also grown in the Guadalquivir Valindicate firstly, a higher nutrient uptake for the plant ley under similar pedoclimatic conditions. The P, Ca, and secondly, a transfer of these nutrients, especially Mg, and Na levels did not show any significant differ-N, to spikes and grains for the protein synthesis. ences with the fertilizer treatments applied, and these Application of OMF gave a significant increase in grain values were higher in the treatment OMF. With regards gross protein content of 2.9%, an increase in number to the analyzed micronutrients, the most significant difof grains per spike of 2.2%, a significant increase in ferences were found in Fe as for the applied fertilizer number of spikes per square meter of 3.4%, an increase treatments, emphasizing the highest values for the treatin 1000-grain weight of 3.9%, and a significant yield ment OMF.
increase of 2.5% with respect to the OϩIF treatment. Table 6 shows the protein content and yield param- Table 7 shows the results obtained in the normal and eters for the different plots. The highest protein content quiescent alveographic assays. The results reveal very was yielded by treatment OMF. In the same way, a sigextensible flours (L Ͼ 100), from balanced to tensile and quite strong (W Ͼ 300.10 Ϫ4 J). Significant differences wheat yield parameters, and alveographic assays showed that the OMF has a good potential of being used.
Meissner, R., J. Seeger, and H. Rupp. 1998 . Lysimeter studies in East Germany concerning the influence of set aside of intensively farmed land on the seepage water quality. Agric. Ecosyst. Environ. 67:
